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CATALYSIS  OP  CIS -TRANS  ISOMERIZATION 
BY  PARAMAGNETIC  SUBSTANCES 


Harden  McConnoll* 
Department  of  Physios 
The  University  of  Chicago 
Chicago  37,  Illinois 
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^^^C*<JJrans  lsomorizatlons  about  oarbcn-carbon  double  bonds 
aro  frequently  oatalyzod  by  paramagnotio  molcouloa  or  atoms  suoh  as 
Og,  NO,  NOg,  I,  Br,  Na,  K,  Rb,  Ca Mageo,  Shand,  and  Eyring^  sug- 
gostod  that  tho  low  froquonoy  factors®  (A  ~ 10®  or  loss)  and  low  aoti- 
vation  onorgios  (B  w 10  - 30  kool/molo)  found  for  somo  non-oatalysod 
isomerisations  (o*g«,  malslo  sster  -4  fumario  aster)  indloato  that  suoh 
isomcrio  molooulos  pass  through  a triplet  statu  whon  twisting  from  tho 
ols  to  tho  trans  form*  This  idoa  is  lllustratod  in  Fig*  1-a,  whioh 
givos  a sohomatlo  roproaontation  of  tho  potontial  energy  ourvos  (V(#)) 
for  tho  lowest  energy  singlet  (S)  and  triplot  (T)  oleotronio  states  of 
an  ethylane-type  isomer  as  a funotion  of  tho  anglo  (6)  of  rotation 
about  a oarb on-carbon  double  bond**  Isomorizatioua  via  T and  S eloo- 
tronlo  states  aro  indloatcd  by  horizontal  arrows  (1)  and  (2)  in  Pig* 
1-a,  respeotivoly* 

The  frequenoy  factor  for  isomerization  via  path  (1)  can  bo 
rolatod  to  tho  enorgy  gap  («  in  Fig*  1-a)  whioh  rosults  from  a mixing 
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of  tho  S and  T states  by  spin-orbit  interaction*  For  small  €*s  tho 
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froquonoy  factor  is  approximately  proportional  to  € * For  hydrocar- 
bons,^*^ * » 0*3  - lOom*^* 

O 

Eyring  and  Harman  suggested  that  paramagnotio  substances 
oatalyzo  iaomorization  through  path  (1)  by  providing  "a  non-homogono- 
ous  magnetio  fiold  whioh  will  aot  differently  on  tho  two  magnotio 
dipoles  arising  from  tho  spin  of  tho  two  oleotrons  in  tho  double  bond*" 
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Since  magnotio  spin-spin  and  '’spin  of  one  oloc  iron-orb  it  of  anothor" 
interactions  aro  weaker  than  tho  hero  alroady  small  spin  of  ono  eloo- 
jtoron-orbit  of  the  same  cloctron  interactional  it  is  doubtful  that  mag- 
netic interactions  aro  rosponsiblo  for  tho  catalysis  of  isomorization. 
Tho  following  is  a qualitative  explanation  for  tho  catalytic  activity 
or  paramagnotio  substanoos* 

If*  for  oxample*  a doublot  olootronio  state  of  a catalyst 

atom  interacts  with  the  3 and  T statos  of  tho  isomor,  two  doublet 

statos  are  formed  (D  and  D*  in  Pig.  1-b)  togethor  with  a quortot  stato, 

Tho  minimum  separation  of  thoso  doublot  statos*  £ * in  Pig.  1-b,  will 

general  be  dotorminod  by  tho  strength  of  the  chomical  binding  bo- 

tvreon  oatalyst  and  isojnor.  Sinoo  **  nood  only  bo  of  tho  ordor  of  kT 
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tc  make  isomerization  by  path  (1»)  about  10  - 10'  times  moro  probable 

g 

than  path  (1) , it  appears  that  ovon  weak  oatalyst-isomor  interactions 
can  account  for  tho  catalytic  effect  of  paramagnotio  raolooulos.  Analo- 
gous considerations  apply  to  catalysts  in  triplot  states.  Ho  corres- 
ponding moohanism  oxists  for  catalysis  of  isomerization  by  substancos 
in  singlet  states.  Thoso  conclusions  may  represent  an  improvement 
^ovor  tho  well-known  chomical  argumonts  that  some  atoms  (£«£•*  iodine) 
catalyze  isomerization  by  binding  to  an  olofinio  moloculc  and  "brook- 
ing" tho  oar  ben  -carbon  doublo  bond. 
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MOLECULAR  COMPOUNDS  AND  THEIR  SPECTRA.  III. 
THE  INTERACTION  OP  ELECTRON  DONORS  AND  ACCEPTORS 
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Depart  ■■sent  of  Physics 
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SOME  ERRATA 

4,  line  4.  Substitute : "Lapworth" 

5,  last  line.  Add:  11 , or  radicals." 

6,  line  2.  Should  read:  "between  0 and©*" 

6,  line  8.  Should  not  read  "of.",  but:  "of" 

10,  line  19.  Should  read:  "self-explanatory" 

18,  Remark  B4»  Should  read:  "all  neutral  bases  D" 

25.  Seotion  9.  H„0  + C0«  should  be  listed  under  n + kn. 

d & — “ “•  — " — — a 

27,  line  7 in  Section  14.  Should  read:  "bit, her  and  bxjktf'" 
34,  line  3 of  footnote  u.  Should  read:  "Section  IV" 

34,  last  line  of  footnote  v.  Should  read:  "Section  IV" 

36,  lines  5-7.  Should  read  everywhere "D1  Instead  of  "B" 

40,  line  23,  After  "should  be  polarized",  insert  "with  a 
component" 


45, 

line 

8. 

Should  read: 

"u  or  c" 

49, 

line 

1. 

Should  read: 

"HgO*" 

50, 

next 

to 

last  line.  Should  read:  " 

R+  + 

57, 

f irst 

line.  Transpose 

"inner"  and 

"outer" 

59, 

line 

11. 

Should  read: 

"Walker" 
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